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Non-invasive assessment of diastolic function in
hypertrophic cardiomyopathy on and off beta
adrenergic blocking drugs
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SUMMARY Beta adrenergic blocking drugs in hypertrophic cardiomyopathy provide symptomatic
relief but their effect on long-term prognosis is uncertain.

Thirty patients were studied non-invasively by simultaneous recordings of echocardiogram, apex-

cardiogram, phonocardiogram, and electrocardiogram in order to assess diastolic abnormalities on

and off oral beta adrenergic blocking drugs. While on treatment these patients had a mean dose of
propranolol 200 mg/day. The treatment was stopped for one week and then non-invasive assessment
was repeated.
The following diastolic time intervals were studied: isovolumic relaxation period (A2-mitral valve

opening); rapid relaxation period (A2-O point of the apexcardiogram), and the period from mitral
valve opening to the 0 point of the apexcardiogram (Mo-0) when most of the filling of the left
ventricle occurs. The prolongation of the rapid relaxation period reflects a reduced rate of fall of the
left ventricular pressure when the pressure differential does not change between A2 and the 0 point
of the apexcardiogram, and in this study this period was prolonged in 19, shortened in eight, and
remained the same in three patients after beta blockade. The Mo-O point was prolonged in 22,
shortened in seven, and was unchanged in one patient after beta adrenergic blocking drugs. All these
results were independent of heart rate.

In conclusion the response of diastolic time intervals to beta blocking drugs in hypertrophic
cardiomyopathy was variable but there was a significant number of patients in whom the time
available for filling of the left ventricle was prolonged, suggesting better filling possibly because of
improved distensibility of the left ventricle after beta adrenergic blocking drugs.

For the past two decades beta adrenergic blocking
drugs have been widely used in the treatment of
hypertrophic cardiomyopathy and since early trials
they have been shown to produce important symp-
tomatic benefits.'-3 A double blind trial of practolol,
propranolel, and a placebo has suggested that beta
blockade was associated with amelioration or disap-
pearance of dyspnoea, anginal pain, and syncope in
severely symptomatic patients4 but unfortunately beta
adrenergic blockade cannot be guaranteed to prevent
sudden death.5 6

Hypertrophic cardiomyopathy is a disease charac-
terised by massive hypertrophy and impaired disten-
sibility of the left ventricle which leads to abnormal
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diastolic filling with a small systolic cavity and a very
stiff ventricle.7-9
We believe that this abnormal diastolic filling is the

most important factor in determining symptoms and
prognosis regardless of whether a gradient between
the outflow tract of the left ventricle and aorta is pres-
ent or not.

It has been known that beta adrenergic stimulation
increases the pressure gradient between left ventricle
and aorta and decreases the calculated orifice size of
the outflow tract of the left ventricle. Such stimulation
may be produced or be augmented by exercise,
tachycardia, emotion, and drugs that have a positive
inotropic effect. I0 1 1

Therefore it was thought initially that this
improvement of symptomatology was the result of a
decreased pressure gradient across the outflow tract
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with a lower cardiac output, in proportion to the
decrease in heart rate,'2 but subsequent workers have
shown by invasive13 14 and non-invasive4 615 methods
that the important mechanism of action of beta block-
ade was an increase in left ventricular distensibility,
allowing the inflow of an increased volume of blood
during diastole.
One of the difficulties in interpreting the value of

these drugs has been the lack of objective assessment
of the results of oral treatment.

Therefore in the present study an attempt was

made to study filling and relaxation, the two main

interdependent events in early diastole, in hyper-
trophic cardiomyopathy on and off oral beta
adrenergic blocking drugs, in order to detect any

important changes after beta blockade.
We have studied the events during diastole using

simultaneous non-invasive recordings of the left ven-

tricle and mitral valve echocardiogram, apexcardiog-
ram, phonocardiogram, and electrocardiogram.'6

Subjects and methods

Observations were made on 30 patients who fulfilled
the clinical,7 electrocardiographic,'7 echocardiog-
raphic,'8 19 and angiographic criteria for hypertrophic
cardiomyopathy. All these patients were in attendance
at Hammersmith Hospital and their clinical details are

given in Table 1. The group included eight women
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and 22 men with a mean age of 44 years (range from
14 to 63 years). Twenty-four patients were in sinus
rhythm and six in atrial fibrillation. Twelve patients
had a left venticular outflow tract gradient at rest,

seven had a gradient only on provocation, and 11

patients had no demonstrable gradient. None of these
30 patients was in cardiac failure.
Of these 30 patients, propranolol (mean dose of 230

mg/day) was being taken by 20 patients; oxprenolol
and metoprolol were being taken by five patients each
in a mean dosage of 252 mg and 130 mg/day, respec-

tively. The latter drugs were used because of intoler-
ance to propranolol. All these patients were on beta
adrenergic blocking drugs for at least one month
(when initially studied with non-invasive techniques).
The treatment was then stopped for one week and the
non-invasive assessment was repeated.

These 30 patients were studied with simultaneous
recordings of apexcardiogram, left ventricular and
mitral valve echocardiogram, phonocardiogram, and
electrocardiogram (Fig. 1).
The subjects lay comfortably in the left lateral

recumbent position in the moveable angiography cra-

dle with their head and shoulders raised (15-20'). The
left arm was raised so that the apex beat could be
easily located. The right arm rested along the right
side and the cradle was rotated between 30 and 60° to

the left in order to ensure the best quality of the apex-

cardiograms and echocardiograms. Measurements

Table 1 Clinical details of 30 patients studied on and off beta blocking drugs

Case No. Age Sex Rhythm Heart rate Gradient Gradient on Drug Dosage
(beatslmin) at rest provocation (mglday)

1 60 M SR 56 + + Propranolol 120
2 36 M SR 81 + + 800
3 42 M SR 74 - - 80
4 32 M SR 58 - + 240
5 48 M SR 61 - - Metoprolol 100
6 32 F SR 53 - - Propranolol 30
7 41 M SR 72 - - 120
8 37 M SR 63 + + Oxprenolol 240
9 38 F SR 69 + + Propranolol 60
10 46 F SR 48 - + ,, 120
11 55 M SR 56 + + Oxprenolol 240
12 46 M SR 65 - + Metoprolol 200
13 44 M SR 66 - - Propranolol 80
14 43 M SR 66 - - 240
15 51 M AF 86 - - 240
16 30 M AF 79 + + 480
17 58 F AF 84 - + 240
18 57 M AF 130 + + Metoprolol 100
19 57 M AF 110 - - Oxprenolol 240
20 44 M AF 83 + + Propranolol 720
21 14 M SR 76 - - Metoprolol 50
22 48 M SR 67 + + 200
23 38 F SR 69 - + Oxprenolol 480
24 31 F SR 74 + + , 60
25 34 M SR 55 - + Propranolol 240
26 57 M SR 73 + + 2b0
27 17 M SR 70 + + 120
28 63 F SR 71 - - 120
29 56 F SR 77 - + 240
30 58 M SR 56 - 120
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Fig. 1 Simultaneous recording ofphonocardiogram (phono), electrocardiogram (ECG), apexcardiogram (apex),
and echocardiogram (echo) in a patient with hypertrophic cardiomyopathy. Diagram shows the diastolic time

intervals measured. A2, aortic component ofsecond heart sound; Mo, mitral valve opening. 0 andF points ofthe
apexcardiogram.

were made only on technically satisfactory recordings.
The equipment used was the model VR-12 simul-

trace system (Electronics for Medicine). This is a mul-
tichannel physiological recording system designed for
high resolution recording of a variety of signals,
including echocardiograms. The photographic trac-
ings were recorded during relaxed expiratory apnoea
at a paper speed of 100 mm per second with 0-02
second time lines. This allows a maximal attainable
limit for measuring diastolic time intervals of 5 ms.
Since the timing of different events during diastole
was measured this method is reproducible.20

APEXCARDIOGRAM AND PHONOCARDIOGRAM

The apexcardiogram and phonocardiogram (from the
apex) were obtained from a single E for M model
PSA-23 crystal transducer with infinite time constant.
It was positioned at the point where the apexcardiog-
ram was similar to the left ventricular pressure curve
and usually coincided with the point of maximal car-

diac impulse. The transducer was held in place by an

adjustable elastic strap. The model V-2207 phono-
cardiograph amplifier permitted separate frequency-
selective amplification and display of the apexcardiog-
ram with a frequency response of 0- 1 to 30 Hz and the
phonocardiogram with a band of interest of 50 to 1000
Hz. In this fashion the apexcardiogram was recorded
simultaneously with the phonocardiogram from the
same site.

During the examination of each patient a second
phonocardiogram was obtained from the base of the
heart using a second crystal transducer simultane-
ously with the carotid pulse in order to define accu-
rately the aortic component of the second heart
sound.

ECHOCARDIOGRAM
The echocardiogram was obtained simultaneously
with the apexcardiogram, phonocardiogram, and elec-
trocardiogram using the E for M model V-3280 mod-
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ule and a 1*25 cm diameter, 2*25 MHz transducer.
The system provided a pulse repetition rate of 1000
cycles per second, multilevel gain compensation in
either continuous time mode, or discrete depth mode
with independent adjustments every 2 cm over 24 cm
range. Echoes were obtained simultaneously from the
interventricular septum, posterior wall, and both the
leaflets of the mitral valve paying special attention to
the point where the anterior and posterior leaflets
separate. During examination gain settings were con-
tinuously adjusted with a foot switch until the best
available recordings could be made.
From these traces the following variables were

measured and are summarised in Fig. 1: (1) heart
rate; (2) rapid relaxation period-interval from aortic
valve closure (A2) to the 0 point of the apexcardiog-
ram; (3) isovolumic relaxation period-interval from
A2 to mitral valve opening (Mo) defined as the point
where both the leaflets of the mitral valve separate on
the echocardiogram; (4) active suction period-
interval from Mo to the 0 point of the apexcardiog-
ram; (5) rapid filling period-interval from Mo to the
F point of the apexcardiogram.
The measurements of timing of different events

during diastole were made in milliseconds, from a
mean of at least 20 cycles, except for digitising data
where two cycles were used; the measurements of
dimensions were in centimetres and the velocity in
centimetres per second. The results were given as
those lying within the range of one standard deviation
of the corresponding mean value. The statistical
significance of differences between means of normally
distributed populations was assessed by Student's t
test.

Results

(1) Heart rate: the mean heart rate of patients off
treatment was 71*6±16-6 beats per minute. Fig. 2
shows that the heart rate decreased significantly after
beta blockade in all but four patients. The mean heart
rate on beta blockade was 58-1 ± 10 9 beats per minute
(p<0O001).
(2) Rapid relaxation period: A2-0. The mean rapid
relaxation period for all patients was prolonged after
beta blockade from 178X0+42X9 to 185*0+47*7 ms
(Table 2). Though overall there was an increase of
rapid relaxation period reflecting prolonged relaxation
after beta blockade, this was not significant (p>0- 15).
As shown in Fig. 3, however, in 19 patients there was
a prolongation of rapid relaxation period, in eight
patients it was shortened, and it remained unchanged
in three.
(3) Isovolumic relaxation penod: A2Mo. Overall the
isovolumic relaxation period was shortened in patients
with hypertrophic cardiomyopathy after beta
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Fig. 2 The heart rate offand on beta adrenergic blocking
drugs. Thin and thick lines represent patients in whom the heart
rate decreased and increased, respectively, on beta blockade.

adrenergic blocking drugs but this change was also
not significant. The mean value off beta blockade was
82*8±27*9 ms which decreased after treatment to
77.0+28.0 ms (p>0.10). From the whole group the
isovolumic relaxation period, however, was shortened
in 16, prolonged in 12, and remained the same in two
(Fig. 4 and Table 2).
(4) Active suction period: Mo-O. In contrast to rapid
relaxation period and isovolumic relaxation period,
the mean active suction period was significantly pro-
longed after treatment when the whole group was
considered. The increase was from 95-1 ±31*3 to
108-1 +41*0 ms (p<001) as shown in Table 2 and Fig.
5. From the whole group, this interval was prolonged
in 22, was shortened in seven, and remained the same
in one patient.
From the group of 22 patients who had prolonga-

tion of the active suction period after beta blockade,
11 had shortening of the isovolumic relaxation period
after treatment, nine had prolongation, and two had
no change.
(5)Rapidfilling period: Mo-F. Overall the rapid filling
period was significantly prolonged in patients after
beta adrenergic blocking drugs (169-7+31-0 to
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Table 2 Behaviour of diastolic time intervals on and off beta blockade in lypertrophic cardiomyopath4y
Off (Ms) On (ms) P vahues* Off (ms) On (ms)

Rapid relaxation 178.0+42.9 195.0±47-7 p<0-15 19 prolonged 168.9±41.3 196-0+50-7
period (A2-O) 8 shortened 196-8±47-8 158.7±37.3

3 same 185-0±32-7 185-0±32.7
Isovolumic relaxation 82-8±27.9 77-0+28-0 p<0.10 12 prolonged 81-2±24.2 99.5±23-1

period (A2-Mo) 16 shortened 86-8+31-4 62.1+21.2
2 same 60-0+- 60-0+-

Active suction 95-1+31-3 108-1±41-0 p<0.01 22 prolonged 90-6+31-1 115-6±43-4
period (Mo-0) 7 shortened 112-1+29-5 89.2±26.8

1 same 72-9±- 72-9+-
Rapid filling 169.6±31-0 193.5±47-1 p<0.0005 22 prolonged 172-5±33.9 209.7±43.0

period (Mo-E) 6 shortened 160.8+247 143.3±24.6
2 same 165.0-7.0 165-0±7.0

*p values calculated by Student's t test.

Rapid relaxation period (A2-0)
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A2 Mo 0
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Fig. 3 Histograms showing the effect of beta blockade on rapid relaxation period
(mean+±SD) off treatment (white histograms) and on treatment (stippled histograms). The
horontal bar represents the normal mean value +SD in normal subjects off beta adrenergic
blocking drugs.

193-5+47.1 ms, p<0.0005). From these 30 patients,
in 22 the rapid filling period increased after treatment,
in six it was shortened, and in two it remained
unchanged (Table 2).

Discussion

The investigation of diastole using simultaneous non-
invasive methods such as phonocardiogram, elec-
trocardiogram, left ventricular echocardiogram, and
apexcardiogram is possibly at the moment the most
effective way to study the events during diastole.

It is possible to identify three important landmarks
during the early diastolic period using these techni-
ques: aortic valve closure (A2), mitral valve opening
(Mo), and the 0 point of the apexcardiogram.

Aortic valve closure indicates the onset of diastole
though relaxation has already started at this point.

Once the aortic valve has closed there is a rapid fall of
left ventricular pressure until the 0 point of the apex-
cardiogram (Fig. 1) This interval is the rapid relaxa-
tion period and when it is prolonged (as often happens
in hypertrophic cardiomyopathy) it reflects a reduced
rate of fall of left ventricular pressure.

During this period when there is a gradient cross-
over between the left atrium and left ventricle, the
mitral valve opens. This period from A2 to Mo is the
isovolumic relaxation period and it depends not only
on the rate of fall of left ventricular pressure but also
on the left atrial pressure at the time of gradient cross-
over between left ventricle and left atrium.
When the mitral valve opens, filling of the left ven-

tricle starts and from this moment onwards the left
ventricular pressure is the result of two major
interdependent factors: the rate of relaxation and the
rate of filling.

208 Alvares, Goodwin
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Isovolumic relaxation period (A2-Mo)
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Fig. 4 Histograms showing the effect of beta blockade on isovolumic relaxation period
(mean_tSD) off treatment and on treatment (white and stippled histograms, respectively).
The horizontal bar represents the normal mean value ±SD in normal subjects off beta
blockade.
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Fig. 5 Histograms showing the effect of beta blockade on active suction period
(mean_tSD) off treatment (white hitgams) and on treatment (stippled histograms). The
horizontal bar represents again the normal mean value +SD in normal subjects off beta
adrenergc blocking drugs.

From the mitral valve opening to the 0 point of the
apexcardiogram when the pressure continues to drop
(Fig. 1) the rate of relaxation of the left ventricle is
greater than the rate of blood filling the left ventricu-
lar cavity as a result of which there is a "sucking"
effect of the blood coming from the left atrium to the
left ventricle. This is the active suction period when
most of the left ventricular filling occurs,2' which goes
with a considerable increase in dimension during
downstroke of the apexcardiogram21 22 and rapid

thinning of the posterior wall and interventricular
septum. Therefore the longer this period is the better
will be the left ventricular filling.
There is controversy about this period especially

between those who believe that the relaxation and
filling are purely passive processes, determined by
venous pressure (vis-a-tergo of Harvey) and those who
believe (as this study suggests) that diastolic filling is
governed, at least in part, by an active process
originating in the ventricular myocardium. This is
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shown by the fact that the mitral valve opens before
minimum ventricular pressure is reached, so that
early diastolic filling is associated with a reduction,
rather than an increase, in left ventricular pressure.
Katz23 concluded that it reflects a sucking effect of the
left ventricle drawing blood into its chamber, and
more recently2426 further evidence has been pro-
duced for such diastolic suction. Hammermeister and
Warbasse27 have shown that during this period
(Mo-O), more than 50% of filling is already com-
pleted. Thus this period is really the "rapid filling
wave" which is not the interval from 0 to F point of
the apexcardiogram as was previously described; it
was thought in the pre-echocardiographic era that the
O point was coincident with mitral valve opening,
since in many cases it corresponded with the opening
snap in patients with mitral stenosis.28
From the 0 point to the F point of the apexcardiog-

ram the rate of filling is greater than the rate of relaxa-
tion and this is why the left ventricular pressure starts
to rise (Fig. 1) though in absolute terms the volume of
blood coming to the left ventricle is less than during
the active suction period. The interval from mitral
valve opening until the F point of the apexcardiogram
is defined as the rapid filling period. Thus the 0 point
of the apexcardiogram is the "turning point" where
the rate of filling and the rate of relaxation are in
equilibrium.
The results of the present work using these techni-

ques suggest that there was no significant prolonga-
tion of the rapid relaxation period (Fig. 3) or
significant shortening of the isovolumic relaxation
period (Fig. 4) after beta blockade. There was, how-
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ever, a significant increase in the interval from mitral
valve opening to the 0 point of the apexcardiogram as
shown in Fig. 5 when most of the left ventricular
filling occurs. Prolongation of this period occurred in
22 patients (74%) but it remained the same or was
shortened in one (3%) and in seven (23%), respec-
tively. Thus beta blockade is usually valuable in
hypertrophic cardiomyopathy since increase in left
ventricular filling is achieved at a much lower pressure
and this may explain the relief of symptoms. In addi-
tion because of this improved early filling, there is less
distension of the left atrium, thus possibly preventing
the occurrence of atrial fibrillation. The atrial beat
also tends to be less powerful after beta blockade.

Shortening of the isovolumic relaxation period
possibly contributes to the increase of the Mo-O
interval. The former had a variable response after beta
blockade, but showed an overall shortening which
was not significant. Of 22 patients who had an
increased active suction period, 11 had a shortened
isovolumic relaxation period. In the remaining 11 it
was prolonged or remained unchanged. In addition
the increase of active suction period was not directly
proportional to the shortening of the isovolumic
relaxation period in the 11 patients where this period
was shortened after treatment.
Thus, possibly the main reason for prolongation of

the Mo-O interval is that the equilibrium point (O
point) is reached much later because of relaxation at a
much lower pressure as a consequence of which there
is increased filling in early diastole. These results
confirm the work of de la Calzada et al. I5 who have
shown acceleration of diastolic closure rate of the
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Fig. 6 Aortic valve echocardiogram with simultaneous phonocardiogram (phoo), apexcardiogram
(apex), carotid pulse, and ekctrocardiogram offand on treanete. Off treatment, as a result oflow
stroke volume, the aortic kaflets begin to close early whik on treatment the kaflets remain widey open
throughout systok.
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Fig. 7 Patient with hypertrophic cardiomyopathy in atrialfibrillation. The isovolumic relaxation period
(A 2-Mo) and the rapid relaxation period (A 2-O) almost remain constant with different RR intervals.

mitral valve after beta blockade probably related to
increased ventricular filling.
The consequence of this increased filling can be

seen in Fig. 6 where after treatment there was an
increase in stroke volume, as shown by increased aor-
tic valve opening.

This increase in the active suction period was not
affected by age, by sex, by the type or amount of the
drug, by blood pressure, or by heart rate. This can be
seen in Fig. 7 where a patient with hypertrophic car-
diomyopathy and in atrial fibrillation with different
RR intervals had almost constant rapid relaxation
period and isovolumic relaxation period. In this group
of 30 patients the coefficient of correlation between
the heart rate and the diastolic time intervals in early
diastole (A2-O, A2-Mo, Mo-O) was extremely low.
Nor was this increase of active suction period affected
by the presence of a gradient to the outflow tract of
the left ventricle.
The effect of beta blockade in lowering the heart

rate should not be underestimated because an apprec-
iable amount of filling occurs during the slow relaxa-
tion period, diastasis, and the atrial component of
diastole which are all related closely to the heart rate.
Indeed, clinically there is pronounced deterioration of
these patients when they are in atrial fibrillation.

Dr R F Alvares acknowledges his fellowship from the
Calouste Gulbenkian Foundation (Lisbon).
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